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Field of the Invention 



This invention relates to the field of neurobiology. More specifically, it relates 
to purifed human adult astrocytes, to methods for their preparation, and to their use, 
especially for the treatment of neurodegenerative disorders or trauma to the central 
nervous system. 



Background of the Invention 

10 

Astrocytes 

The combination of cell transplantation and gene transfer techniques provides a 
therapeutic approach to neurodegenerative diseases and traumatic injury. Several cell 
types, e.g. progenitor cells, neurons, glial cells, fibroblasts and myoblasts, have been 

15 investigated as vehicles for gene delivery to the central nervous system (CNS) (Wolff et 
al., 1989; Horellou et al., 1990a,b; Fisher et ah, 1991, 1993, Gage et al., 1995; Sabate et 
al., 1995; Fisher, 1997; Martinez-Serrano and Bjorklund, 1997). Particular attention has 
been paid to the therapeutic activity of genetically engineered astrocytes (Cunningham et 
al., 1991, 1994; La Gamma et al., 1993; Castillo et al., 1994; Pundt et al., 1995; 

20 Lundberg et al., 1996; Lin et al., 1997). Astrocytes are especially targeted for brain 
repair because they are normal CNS constituents, are endowed with efficient secretory 
mechanisms and provide support to neurons through the release of trophic factors that 
promote their survival, differentiation and regeneration. In addition, they can be 
expanded in culture and genetically engineered to express foreign transgenes. Recently, 

25 human fetal astrocytes arising from legal abortions have been cultured and successfully 
transduced with a retrovirus driving the expression of active NGF (Lin et al., 1997). 

Human adult astrocytes are more relevant for human brain repair, since they 
allow autologous ex vivo gene transfer, thus obviating immunological rejection and side 
effects of immunosuppressors. In recent studies that attempted to culture human adult 

30 astrocytes, contamination with microglial cells was reported (Yong et al., 1991, 1992). 



WO 00/40699 




PCT/IB00/00165 



10 



Gene Therapy 

Ex vivo gene transfer involves the delivery of therapeutic cells to a patient (Wolff 
et al., 1989; Horellou et al., 1990a,b; Fisher et al., 1991, 1993, Gage et al., 1995; Sabate 
et al., 1995; Fisher, 1997; Martinez-Serrano and Bjorklund, 1997; Taylor, 1997). The 
use of immortalized cell lines for gene therapy is of limited value, since they retain 
tumorigenic properties. In contrast, primary cultured cells are more suitable. One of the 
best cell types for ex vivo gene transfer and subsequent transplantation is astrocytes (La 
Gamma et al., 1993; Castillo et al., 1994; Cunningham et al., 1994; Ridoux et al., 1994; 
Pundt et al., 1995; Lundberg et al., 1996; Lin et al., 1997), which are normally present in 
the CNS as the major supporting cells with efficient secretory machinery. Grafted 
astrocytes, previously modified to produce enzymes, neurotransmitters or trophic factors, 
can integrate and function suitably in the CNS (see refs in Taylor, 1997). Rat primary 
cultured astrocytes have been genetically engineered to produce NGF and BDNF, and 
15 survive after transplantation into the brain (Cunningham et al., 1991, 1994; Yoshimoto 
etal., 1995). 

Recently, the interest in human astrocytes has grown (Yong et al., 1991, 1992; 
Aloisi et al., 1992; Perzelova and Mares, 1993; Pundt et al., 1995; Lin et al. 1997). Yong 
and colleagues (1992) reported that up to 80% of primary cultured cells were 

20 macrophages/microglial cells. After removal of most of the oligodendrocytes and 
microglial cells, 70% of the cells were astrocytes (Yong et al., 1992). The presence of 
microglial cells in astrocyte cultures may cause undesirable effects both in vitro and in 
vivo, since they proliferate actively and are major components of the immune cell 
population. Therefore, there is a need for a method to produce a population of astrocytes 

25 that is free of contaminating microglial cells. The present invention addresses this need, 
as discussed below. The present invention overcomes the disadvantages of impure 
preparations of astrocytes, and provides a cell preparation suitable for treating trama to 
the CNS and for the treatment of neurodegenerative disorders, such as Parkinson's, 
Huntington's or Alzheimer's disease. 

30 The citation of any reference herein should not be construed as an admission that 

such reference is available as "Prior Art" to the instant application. 
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Summary of the Invention 

The present invention provides purified astrocytes and methods for their 
preparation. In a preferred embodiment, the astrocytes are human, adult astrocytes. 

Therefore, the invention provides a method of producing an essentially pure 
population of astrocytes comprising: a) introducing a preparation of astrocytes to a 
culture vessel, b) incubating the astrocytes from step a) under conditions enabling 
attachment of the astrocytes to the culture vessel, and c) removing cells which have not 
attached to the culture vessel at a time of about 48 hours from the beginning of step a). 
By being "essentially pure" the cell population is at least 75% astrocytes, preferably at 
least 85% astrocytes, more preferably at least about 95% astrocytes, and most preferably 
greater than about 98% astrocytes. The term "about" means within 20%, preferably 
within 10%, and more preferably within 5% of a given value or range. A "culture 
vessel" can be any support suitable for cell attachment and growth including, but not 
limited to, a culture dish or flask. 

In a preferred embodiement, the astrocytes are human astrocytes. More 
preferably, they are human adult astrocytes. 

Astrocytes produced according to the present invention are essentially free of 
20 microglial cells. That is, the presence of microglial cells is not detected by OX42 
immunostaining and labeling with B 4 isolectin from Griffonia simplicifolia. 

In one aspect of the method of the invention, an exogenous nucleic acid may be 
introduced into the astrocytes. The nucleic acid may be introduced into the astrocytes 
with a viral vector, by calcium-phosphate precipitation, liposome-mediated transfection, 
25 cationic lipid transfection, or lipopolyamine-mediated transfection. Preferably, the 
nucleic acid encodes a neuroactive substance. 

The invention also provides an essentially pure population of astrocytes. 
Preferably, the astrocytes are human astrocytes. More preferably, they are human adult 
astrocytes. A population of astrocytes produced according to the present invention is 
30 essentially free of microglial cells. 

In one aspect of the invention, the population of astrocytes comprises an 
exogenou s nucleic acid. — In a pref e rr e d e mbodi e m e n t . the nucleic acid encodes a 
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neuroactive substance. The nucleic acid may be DNA or RNA. In one aspect, the 
nucleic acid is a DNA encoding a protein, polypeptide or peptide. The protein, 
polypeptide or peptide may be a growth factor, neurotrophic factor, or enzyme.' 
Alternatively, the nucleic acid may be a DNA encoding an antisense-RNA or a 
ribozyme. In a preferred embodiment, the nucleic acid is operably linked to a regulatory 
region comprising a regulable promoter, an inducible promoter, a neural cell-specific 
promoter or a viral promoter. 

The present invention also provides an implant comprising a population of 
essentially pure astrocytes. The invention further provides a composition comprising an 
essentially pure population of astrocytes comprising an exogenous nucleic acid encoding 
a neuroactive substance. 

These and other objects are addressed by this invention, which is explained in greater 
detail in the attached drawings and the following Detailed Description and Examples. 

^ Brief Description of the Drawings 

F °gure 1: Primary culture from human adult cerebral cortex. 

(A), Phase contrast micrographs showing low magnification (x70) of primary cultures 
of human adult astrocytes. (B), Higher magnification (x560) of a dividing flat cell at 
20 telophasis stage. 
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F 'g" re 2 Immunocytochemical characterization of primary cultures of human adult 
astrocytes. 

Low magnification (x280) micrographs illustrating that all the cells were GFAP- (A) 
25 and S 1 000-positive (B). 

Figure 3: In vitro proliferation of human adult astrocytes. 

Proliferation rates are expressed as percent of increase in cell number since t 0 . Human 
adult astrocytes proliferated in vitro when cultured in FCS. Note that the cells 
30 proliferated twice as fast when cultured in the presence of 20% FCS than in 10% FCS 
(A). NGF and bFGF (50 ng/ml) did not have any mitogenic effects on primary cultured 
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human adult astrocytes (B). Note that when HS was added to the medium, most of the 
cells did not attach onto the culture dish and they were removed with the medium. 

Fjgure_4: TH immunocytochemistry after adenoviral transduction of human adult 
5 astrocytes. 

(B), Low magnification (x70) micrographs illustrating that 50-60% of the cells were 
TH-positive one week post- infection (A, non-infected cells). (C), Higher magnification 
(x560) illustrating transduced astrocytes containing hTH. 

1 0 Figure 5: TH activity in transduced human adult astrocytes 

TH activity was detected within the first week post-infection and then increased to 
35650 pmol [ 3 H] H 2 0/mg prot./h on day 14. Note that TH activity decreased by at 
least 10 fold in the presence of doxycycline 14 days post-infection. 

15 Detailed Description of the Invpnrinn 

Definitions 

The following defined terms are used throughout the present specification, and 
should be helpful in understanding the scope and practice of the present invention. 
20 A "Polypeptide" is a polymeric compound comprised of covalently linked amino 

acid residues. Amino acids have the following general structure: 

H 



25 



R-C-COOH 

I 

NH, 



Amino acids are classified into seven groups on the basis of the side chain R: (1) 
aliphatic side chains, (2) side chains containing a hydroxylic (OH) group, (3) side chains 
30 containing sulfur atoms, (4) side chains containing an acidic or amide group. (5) side 



10 



15 



20 



25 



30 



WO 00/40699 W W PCT/IBOO/00165 



chains containing a basic group, (6) side chains containing an aromatic ring and (7) 
proline, an im.no acid in which the side chain is fused to the amino group. 

A "protein" is a polypeptide which plays a structural or functional role in a 
living cell. 

The polypeptides and proteins of the invention may be glycosylated or 
unglycosylated. 

A "variant" of a polypeptide or protein is any analogue, fragment, derivative or 
mutant which is derived from a polypeptide or protein and which retains at least one 
fcolog.cal property of the polypeptide or protein. Different variants of the polypeptide 
or protein may exist in nature. These variants may be allelic variations characterized by 
differences in the nucleotide sequences of the structural gene coding for the protein, or 
may involve differential splicing or post-translational modification. The skilled artisan 
can produce variants having single or multiple amino acid substitutions, deletions, 
additions, or replacements. These variants may include, inter alia: (a) variants in which 
one or more amino acid residues are substituted with conservative or non-conservative 
amino acids, (b) variants in which one or more amino acids are added to the polypeptide 
or protein, (c) variants in which one or more of the amino acids includes a substituent 
group, and (d) variants in which the polypeptide or protein is fused with another 
polypeptide such as serum albumin. The techniques for obtaining these variants, 
including genetic (suppressions, deletions, mutations, etc.), chemical, and enzymatic 
techniques, are known to persons having ordinary skill in the art. 

If such allelic variations, analogues, fragments, derivatives, mutants, and 
modifications, including alternative mRNA splicing forms and alternative post- 
translational modification forms result in derivatives of the polypeptide which retain any 
of the biological properties of the polypeptide, they are intended to be included within 
the scope of this invention. 

A "nucleic acid" is a polymeric compound comprised of covalently linked 
subunits called nucleotides. Nucleic acid includes polyribonucleic acid (RNA) and 
polydeoxyribonucleic acid (DNA), both of which may be single-stranded or double- 
stranded. DNA includes cDNA, genomic DNA, synthetic DNA, and semi-synthetic 
DNA. The sequence of nucleotides that encodes a protein is called the sense sequence. 
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An "exogenous nucleic acid" is genetic material which has been introduced into a cell 
not naturally containing the nucleic acid sequence. 

"Regulatory region" means a nucleic acid sequence which regulates the 
expression of a second nucleic acid sequence. A regulatory region may include 
sequences which are naturally responsible for expressing a particular nucleic acid (a 
homologous region) or may include sequences of a different origin (responsible for 
expressing different proteins or even synthetic proteins). In particular, the sequences can 
be sequences of eukaryotic or viral genes or derived sequences which stimulate or 
repress transcription of a gene in a specific or non-specific manner and in an inducible or 
non-inducible manner. Regulatory regions include origins of replication, RNA splice 
sites, enhancers, transcriptional termination sequences, signal sequences which direct the 
polypeptide into the secretory pathways of the target cell, and promoters. 

A regulatory region from a "heterologous source" is a regulatory region which is 
not naturally associated with the expressed nucleic acid. Included among the 
heterologous regulatory regions are regulatory regions from a different species, 
regulatory regions from a different gene, hybrid regulatory sequences, and regulatory 
sequences which do not occur in nature, but which are designed by one having ordinary 
skill in the art. 

A "vector" is any means for the transfer of a nucleic acid of interest into a host 
20 cell. The term "vector" includes both viral and nonviral means for introducing the 
nucleic acid into a cell in vitro, ex vivo or in vivo. Non-viral vectors include plasmids, 
liposomes, electrically charged lipids (cytofectins), DNA-protein complexes, and 
biopolymers. Viral vectors include retrovirus, adeno-associated virus, pox, baculovirus, 
vaccinia, herpes simplex, Epstein-Barr and adenovirus vectors. A nucleic acid may 
contain one or more regulatory regions, and/or selectable markers useful in selecting, 
measuring, and monitoring nucleic acid transfer results (transfer to which tissues, 
duration of expression, etc.). 

"Pharmaceutically acceptable carrier' includes diluents and fillers which are 
pharmaceutical^ acceptable for methods of administration, are sterile, and may be 

30 aqueous or oleaginous suspensions formulated using suitable dispersing or wetting 
agents and suspending agents. The particular pharmaceutically acceptable carrier and 

the ratio of active compound to earner are determined by the solubility and chemical 
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properties of the composition, the particular mode of administration, and standard 
pharmaceutical practice. 
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Astrocytes 

One aspect of the present invention is to provide a population of essentially pure 
human astrocyte cells. The purified cells may contain introduced genetic material 
encoding a product of interest. Another aspect of the instant invention is to provide 
human adult astrocytes having desired therapeutic properties, and suitable for ex vivo 
cell therapy. Transplantation of genetically modified human cells to rat brain is 
disclosed in Sabate et al. (Nature Genetics, Volume 9, pp. 256-260 (1995)), the entire 
contents of which are incorporated herein by reference. 

The present invention now provides a very efficient way to obtain high purity 
adult human astrocytes, capable of producing factors with biological effect, such as 
neuroactive substances for ex vivo gene therapy. The inventors have now found 
conditions that enable successful purification, amplification, and in vitro modification of 
these cells. Substantial levels of gene expression were obtained in cells modified with a 
recombinant adenovirus. Genetically modified astrocytes enables gene therapy of 
neurodegenerative diseases and of trauma to the CNS. 

The combination of gene transfer techniques and cell transplantation provides an 
approach to deliver therapeutic molecules into the CNS. Astrocytes are particularly well 
suited for CNS therapy because of their CNS origin, their efficient secretory mechanisms 
and their role as neuronal support. Most importantly, the use of human adult astrocytes 
as cellular vehicles for ex vivo gene transfer opens the way to autologous transplantation, 
thus obviating immunological rejection and the side effects of immunosuppressors. As 
provided herein, these cells can be purified, expanded and genetically modified in vitro. 
Astrocytes derived from human adult cerebral cortex have been grown and maintained in 
vitro as pure primary cultures for at least 10 months. In addition, cells are efficiently 
transduced by viral vectors encoding a neuroactive substance. When the neuroactive 
substance is human tyrosine hydroxylase (hTH) under the negative control of the 
tetracycline-based regulatory system (tet-off), the infected cells synthesize large amounts 
of active hTH and release L-Dopa. In addition, doxycycline. a potent analog of 
tctracyclinereffkiemly regulates transgene expression. 
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As d.scussed above, a -vector" is any means for the transfer of a nucle.c acid 
accordmg to the invention into a host cell. Preferred vectors are vi ra , vectors, such as 
retrov.ruses, herpes viruses, adenoviruses, and adeno-associated viruses. Thus a gene 
comprising a nucleic acid of interest is introduced in v,V*, „ vivo , or in vitro usjng a viral 
vector or through direct introduction of DNA. Expression in targeted tissues can be effected 
by targenng the transgenic vector to specific cells, such as with a viral vector or a receptor 
hgand, or by using a tissue-specific promoter, or both. 

Viral vectors commonly used for /* v/vo or « vivo targeting and therapy procedures 
are DNA-based vectors and retroviral vectors. Methods for constructing and using viral 
vectors are known in the art [see. e.g., Miller and Rosman, BioTechniques 7 980-990 
(1992)]. Preferably, the viral vectors are replication defective, that is, they are unable to 
rephcate autonomously in the target cell. In general, the genome of the replication defective 
v,ral vectors which are used within the scope of the present invention lack at least one region 
which ,s necessary for the replication of the virus in the infected cell. These regions can 
either be eliminated (in whole or in part), be rendered non-functional by any technique 
known to a person skilled in the art. These techniques include the total removal, substitution 
(by other sequences, in particular by the inserted nucleic acid), partial deletion or addition of 
one or more bases to an essential (for replication) region. Such techniques mav be performed 
in vitro (on the isolated DNA) or /„ situ, using the techniques of genetic manipulation or by 
treatment with mutagenic agents. Preferably, the replication defective virus retains the 
sequences of its genome which are necessary for encapsulating the viral particles. 

DNA viral vectors include an attenuated or defective DNA virus, such as but not 
limited to herpes simplex virus (HSV), papillomavirus, Epstein Barr virus (EBV), 
adenovirus, adeno-associated virus (AAV), vaccinia virus, and the like. Defective viruses 
which entirely or almost entirely lack viral genes, are preferred. Defective virus is not' 
replication competent after introduction into a cell, and thus does not lead to a productive 
viral infection. Use of defective viral vectors allows for administration to cells in a specific 
localized area, without concern that the vector can infect other cells. Thus, a specific tissue 
can be specifically targeted. Examples of particular vectors include, but are not limited to a 
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defective herpes virus 1 (HSV1) vector [Kaplitt et al., Molec. Cell. Neurosci. 2:320-330 
(1991)], defective herpes virus vector lacking a glyco-protein L gene [Patent Publication RD 
371005 A], or other defective herpes virus vectors [International Patent Publication No. WO 
94/21807, published September 29, 1994; International Patent Publication No. WO 
92/05263, published April 2, 1994]; an attenuated adenovirus vector, such as the vector 
described by Stratford-Perricaudet et al. [J. Clin. Invest. 90:626-630 (1992); see also La Salle 
et al., Science 259:988-990 (1993)]; and a defective adeno-associated virus vector [Samulski 
et al., J. Virol. 61:3096-3101 (1987); Samulski et al., J. Virol. 63:3822-3828 (1989); 
Lebkowski et al., Mol. Cell. Biol. 8:3988-3996 (1988)]. 

Preferably, form vivo administration, an appropriate immunosuppressive treatment is 
employed in conjunction with the viral vector, e.g., adenovirus vector, to avoid immuno- 
deactivation of the viral vector and transfected cells. For example, immunosuppressive 
cytokines, such as interleukin-12 (IL-12), interferon-y (IFN-y), or anti-CD4 antibody, can be 
administered to block humoral or cellular immune responses to the viral vectors [see, e.g., 
Wilson, Nature Medicine (1995)]. In addition, it is advantageous to employ a viral vector 
that is engineered to express a minimal number of antigens. 

Naturally, the invention contemplates delivery of a vector to astrocytes that will 
express a therapeutically effective amount of a gene of interest for gene therapy applications. 
The phrase "therapeutically effective amount" is used herein to mean an amount sufficient to 
reduce by at least about 15 percent, preferably by at least 50 percent, more preferably by at 
least 90 percent, and most preferably prevent, a clinically significant deficit in the activity, 
function and response of the host. Alternatively, a therapeutically effective amount is 
sufficient to cause an improvement in a clinically significant condition in the host. 

Any vector, viral or non-viral, of the invention will preferably be introduced ex vivo 
to astrocytes in a pharmaceutical ly acceptable vehicle or carrier. The phrase 
"pharmaceutically acceptable" refers to molecular entities and compositions that are 
physiologically tolerable and do not typically produce an allergic or similar untoward 
reaction, such as gastric upset, dizziness and the like, when administered to a human. 
Preferably, as used herein, the term "pharmaceutically acceptable" means approved by a 
regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia or 
other generally recognized pharmacopeia for use in animals, and more particularly in 
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humans. The term "carrier" refers to a diluent, adjuvant, excipient. or vehicle with which the 
compound « administered. Such pharmaceutical carriers can be sterile liquids, such as water 
and oils, including those of petroleum, animal, vegetable or synthetic origin, such as peanut 
oil, soybean oil, mineral oil, sesame oil and the like. Water or aqueous solution saline 
solutions and aqueous dextrose and glycerol solutions are preferably employed as carriers 
particularly for injectable solutions. Suitable pharmaceutical carriers are described in 
"Remington's Pharmaceutical Sciences" by E.W. Martin. 



Adenovirus vectors 

In a preferred embodiment, the vector is an adenovirus vector. Adenoviruses are 
eukaryotic DNA viruses that can be modified to efficiently deliver a nucleic acid of the 
invention to a variety of cell types. Various serotypes of adenovirus exist. Of these 
serotypes, preference is given, within the scope of the present invention, to using type 2 or 
type 5 human adenoviruses (Ad 2 or Ad 5) or adenoviruses of animal origin (see 
W094/26914). Those adenoviruses of animal origin which can be used within the scope of 
the present invention include adenoviruses of canine, bovine, murine (example: Mavl, Beard 
et al.. Virology 75 (1990) 81). ovine, porcine, avian, and simian (example: SAV) origin. 
Preferably, the adenovirus of animal origin is a canine adenovirus, more preferably a CAV2 
adenovirus (e.g. Manhattan or A26/61 strain (ATCC VR-800), for example). 

Preferably, the replication defective adenoviral vectors of the invention comprise the 
ITRs, an encapsidation sequence and the nucleic acid of interest. Still more preferably, at 
least the El region of the adenoviral vector is non-functional. The deletion in the El region 
preferably extends from nucleotides 455 to 3329 in the sequence of the Ad5 adenovirus 
(PvuII-Bgin fragment) or 382 to 3446 (HinfiT-Sau3A fragment). Other regions may also be 
modified, in particular the E3 region (WO95/02697), the E2 region (W094/28938), the E4 
region (W094/28152, W094/12649 and WO95/02697), or in any of the late genes L1-L5. 

In a preferred embodiment, the adenoviral vector has a deletion in the El region (Ad 
1.0). Examples of El -deleted adenoviruses are disclosed in EP 185,573, the contents of 
which are incorporated herein by reference. In another preferred embodiment, the adenoviral 
vector has a deletion in the El and E4 regions (Ad 3.0). Examples of El/E4-deleted 
adenoviruses are disclosed in WO95/02697 and W096/22378, the contents of which are 
incorporated herein by reference In s t i ll another preferred embodim e nt, the adcnuv i .ul 



WO 00/40699 



12 



PCT/IB00/00165 



) 



vector has a deletion in the E 1 region mto which the E4 reg.on and the nucleic acid sequence 
are tnserted (see FR94 .3355. the contents of which are mcorporated herein bv reference) 

The replication defective recombinant adenoviruses according to the invention can be 
prepared by any technique known to the person skilled in the an (Levrero et al Gene 101 
(1991) ,95, EP ,85 573; Graham, EMBO J. 3 (1984) 29,7). ,„ pan.cular, they can be 
prepared by homologous recombination between an adenovirus and a plasmid which carries 
inter aha, the DNA sequence of interest. The homologous recombination i, effected 
following cotransfecuon of the adenovirus and plasmid into an appropriate cell line The cell 
line which is employed should preferably (i) be transformable by the said elements, and (ii) 
contam the sequences which are able to complement the part of the genome of the replication 
defecttve adenovirus, preferably in integrated form in order to avoid the risks of 
recombination. Examples of cell lines which may be used are the human embryonic kidney 
cell hne 293 (Graham et al., J. Gen. Virol. 36 (1977) 59) which contains the left-hand portion 
of the genome of an Ad5 adenovirus (12%) integrated into its genome, and cell lines which 
are able to complement the El and E4 functions, as described in applications W094/26914 
and WO95/02697. Recombinant adenoviruses are recovered and purified using standard 
molecular biological techniques, which are well known to one of ordinary skill in the art. 

Adeno-associated virus vectors 
The adeno-associated viruses (AAV) are DNA viruses of relatively small size which 
can integrate, in a stable and site-specific manner, into the genome of the cells which they 
infect. They are able to infect a wide spectrum of cells without inducing any effects on 
cellular growth, morphology or differentiation, and they do not appear to be involved in 
human pathologies. The AAV genome has been cloned, sequenced and characterised. It 
encompasses approximately 4700 bases and contains an inverted terminal repeat (ITR) 
region of approximately 145 bases at each end. which serves as an origin of replication for 
the virus. The remainder of the genome is divided into two essential regions which carry the 
encapsulation functions: the left-hand pan of the genome, which contains the rep gene 
involved in viral replication and expression of the viral genes; and the right-hand pan of the 
genome, which contains the cap gene encoding the capsid proteins of the virus. 

The use of vectors derived from the AAVs for transferring genes in vino and /„ vivo 
has been described (see WO 91/1 8088; WO 93/09^9- r IS 4 707 ^ n^nooj, CD „oo 
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528). These publications describe various AAV-derived constructs in which the rep and/or 
cap genes are deleted and replaced by a gene of interest, and the use of these constructs for 
transfemng the said gene of interest in vitro (into cultured cells) or in vivo, (directly into an 
organism). The replication defective recombinant AAVs according to the invention can be 
prepared by cotransfecting a plasmid containing the nucleic acid sequence of interest flanked 
by two AAV inverted terminal repeat (ITR) regions, and a plasmid carrying the AAV 
encapsulation genes (rep and cap genes), into a cell line which is infected with a human 
helper virus (for example an adenovirus). The AAV recombinants which are produced are 
then purified by standard techniques. 

The invention also relates, therefore, to an AAV-derived recombinant virus whose 
genome encompasses a sequence encoding a nucleic acid of interest flanked by the AAV 
ITRs. The invention also relates to a plasmid encompassing a sequence encoding a nucleic 
acid encoding an anti-angiogenic factor flanked by two ITRs from an AAV. Such a plasmid 
can be used as it is for transferring the nucleic acid sequence, with the plasmid, where 
appropriate, being incorporated into a liposomal vector (pseudo-virus). 

Retrovirus vectors 

In another embodiment the gene can be introduced in a retroviral vector, e.g., as 
described in Anderson et al., U.S. Patent No. 5,399,346; Mann et al., 1983, Cell 33:153; 
Temin et al., U.S. Patent No. 4,650,764; Temin et al.. U.S. Patent No. 4,980.289; Markowitz 
et al., 1988, J. Virol. 62:1120; Temin et al., U.S. Patent No. 5,124,263; EP 453242, 
EP178220; Bernstein et al. Genet. Eng. 7 (1985) 235; McCormick, BioTechnology 3 (1985) 
689; International Patent Publication No. WO 95/07358, published March 16, 1995, by 
Dougherty et al.: and Kuo et al., 1 993, Blood 82:845. The retroviruses are integrating viruses 
which infect dividing cells. The retrovirus genome includes two LTRs, an encapsulation 
sequence and three coding regions (gag, pol and env). In recombinant retroviral vectors, the 
gag, pol and env genes are generally deleted, in whole or in part, and replaced with a 
heterologous nucleic acid sequence of interest. These vectors can be constructed from 
different types of retrovirus, such as, HIV, MoMuLV ("murine Moloney leukaemia virus" 
MSV ("murine Moloney sarcoma virus"), HaSV ("Harvey sarcoma virus"); SNV ("spleen 
necrosis virus"); RSV ("Rous sarcoma virus") and Friend virus. Defective retroviral vectors 
are disclosed in WQ95/02697. 
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In general, in order to construct recombinant retroviruses containing a nucleic acid 
sequence, a plasmid is constructed which contains the LTRs. the encapsulation sequence and 
the coding sequence. This construct is used to transfect a packaging cell line, which cell line 
is able to supply in trans the retroviral functions which are deficient in the plasmid. In 
general, the packaging cell lines are thus able to express the gag, pol and env genes. Such 
packaging cell lines have been described in the prior art, in particular the cell line PA317 
(US4.861.719); the PsiCRIP cell line (WO90/02806) and the GP+envAm-12 cell line 
(WO89/07150). In addition, the recombinant retroviral vectors can contain modifications 
within the LTRs for suppressing transcriptional activity as well as extensive encapsulation 
sequences which may include a part of the gag gene (Bender et al., J. Virol. 61 (1987) 1639). 
Recombinant retroviral vectors are purified by standard techniques known to those having 
ordinary skill in the art. 

Retroviral vectors can be constructed to function as infectious particles or to undergo 
a single round of transfection. In the former case, the virus is modified to retain all of its 
genes except for those responsible for oncogenic transformation properties, and to express 
the heterologous gene. Non-infectious viral vectors are prepared to destroy the viral 
packaging signal, but retain the structural genes required to package the co-introduced virus 
engineered to contain the heterologous gene and the packaging signals. Thus, the viral 
particles that are produced are not capable of producing additional virus. 

Targeted gene delivery is described in International Patent Publication WO 95/28494, 
published October 1995. 

Non-viral vectors 

Alternatively, the vector can be introduced to astrocytes by lipofection. For the past 
decade, there has been increasing use of liposomes for encapsulation and transfection of 
nucleic acids in vitro. Synthetic cationic lipids designed to limit the difficulties and dangers 
encountered with liposome mediated transfection can be used to prepare liposomes for in 
vivo transfection of a gene encoding a marker [Feigner, et. al., Proc. Natl. Acad. Sci. U.S.A. 
84:7413-7417 (1987); see Mackey, et al., Proc. Natl. Acad. Sci. U.S.A. 85:8027-8031 (1988); 
Ulmer et al., Science 259:1745-1748 (1993)]. The use of cationic lipids may promote 
encapsulation of negatively charged nucleic acids, and also promote fusion with negatively 
charged cell membranes [Feigner and Ringold, Science 337:387-388 (1989)]. Particularly 
useful lipid compounds and compo si tions for transfer of nucleic acids are d e scribed in 
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International Patent Publications W095/18863 and W096/17823, and in U.S. Patent No. 
5,459,127. The use of lipofection to introduce exogenous genes into specific cells ex vivo 
has certain practical advantages. Molecular targeting of liposomes to specific cells 
represents one area of benefit. Lipids may be chemically coupled to other molecules for the 
purpose of targeting [see Mackey, et. al., supra]. Targeted peptides, e.g., hormones or 
neurotransmitters, and proteins such as antibodies, or non-peptide molecules could be 
coupled to liposomes chemically. 

Other molecules are also useful for facilitating transection of a nucleic acid, such as 
a cationic oligopeptide {e.g., International Patent Publication W095/21931), peptides 
derived from DNA binding proteins (e.g.. International Patent Publication WO96/25508), or 
a cationic polymer (e.g., International Patent Publication W095/21931). 

It is also possible to introduce the vector as a naked DNA plasmid. Naked DNA 
vectors for gene therapy can be introduced into the desired host cells by methods known 
in the an, e.g., transfection, electroporation, microinjection, transduction, cell fusion, 
DEAE dextran, calcium phosphate precipitation, use of a gene gun, or use of a DNA 
vector transporter [see. e.g., Wu et al., J. Biol. Chem. 267:963-967 (1992); Wu and Wu, 
J. Biol. Chem. 263:14621-14624 (1988); Hartmut et al., Canadian Patent Application 
No. 2,012,311, filed March 15, 1990; Williams et al., Proc. Natl. Acad. Sci. USA 
88:2726-2730 (1991)]. Receptor-mediated DNA delivery approaches can also be sued 
[Curiel etal., Hum. Gene Then 3:147-154 (1992); Wuand Wu,y. Biol. Chem. 262:4429- 
4432(1987)]. 



Nucleic Acids 

Genetic modification and grafting of astrocytes enables their use in numerous 
25 applications, depending on the introduced genetic material. 

Reporter genes, such as the Lac Z gene, may help to solve important scientific 
questions in the field of neural development. In particular, the potential of progenitors 
explanted from various zones of the brain to survive and differentiate idependently of 
their origin could be investigated by following them after grafting in various zones of 
30 developing or adult brains. 

Nucleic acids comprising a therapeutic gene are of particular interest. These 
genes include any gene encoding a neuroactive substance: a sub st ance ca p able of 
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exerung a beneficial effect on cells of the central nervous system. It may be a substance 
capable of compensating for a deficiency in or of reducing an excess of an endogenous 
substance. Alternatively, it may be a substance conferring new properties on the cells. 

The neuroactive substance may be an antisense sequence, a polypeptide or a 
protein. Among the polypeptides and proteins suitable for practice of the invention are 
growth factors, neurotrophic factors, cytokines, neurotransmitters, enzymes, 
neurotransmitter receptors and hormone receptors. 

Preferably, the growth factor is a colony stimulating factor (G-CSF, GM-CSF, 
M-CSF, CSF, and the like), endothelial cell growth factor (ECGF, FGF1), fibroblast 
growth factor (aFGFa, bFGF) or vascular cell growth factor (VEGF). Among the 
neurotrophic factors, the preferred factors are ciliary neurotrophic factor (CNTF), glial 
cell maturation factors (GMFa, b), GDNF, BDNF, NT-3, NT-5 and the like. The 
complete nucleotide sequence encoding NT-3 is disclosed in W09 1/03569, the contents 
of which are incorporated herein by reference. 

Preferred cytokines are the interleukins and interferons. Enzymes included 
within the scope of the invention are the enzymes for the biosynthesis of 
neurotransmitters (tyrosine hydroxylase, acetylcholine transferase, glutamic acid 
decarboxylase) and the lysosomal enzymes (hexosaminidases, arylsulphatase, 
glucocerebrosidase. HGPRT). The enzymes involved in the detoxification of free 
radicals (super oxide dismutase I, II or III, catalase, glutathione peroxidase) are 
preferred. Receptors include the androgen receptors (involved in Kennedy's disease). 

These proteins may be used in native form, or in the form of a variant or 
fragment thereof. 

The neuroactive substance may also be an antisense sequence. The down 
regulation of gene expression using antisense nucleic acids can be achieved at the 
translational or transcriptional level. Antisense nucleic acids of the invention are 
preferably nucleic acid fragments capable of specifically hybridizing with a nucleic acid 
encoding an endogenous neuroactive substance or the corresponding messenger RNA. 
These antisense nucleic acids can be synthetic oligonucleotides, optionally modified to 
30 improve their stability and selectivity. They can also be DNA sequences whose 
expression in the cell produces RNA complementary to all or part of the mRNA 
encodin S an endogenous neuro n r t ive subst a nc e . Antisense nucl e ic acids can be pr e p aied 
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by expression of all or pan of a nucleic acid encoding an endogenous neuroactive 
substance, in the opposite orientation, as described in EP 140308. Any length of 
antisense sequence is suitable for practice of the invention so long as it is capable of 
down-regulating or blocking expression of the endogenous neuroactive substance. 
5 Preferably, the antisense sequence is at least 20 nucleotides in length. The preparation 
and use of antisense nucleic acids, DNA encoding antisense RNAs and the use of oligo 
and genetic antisense is disclosed in WO92/15680, the contents of which are 
incorporated herein by reference. 

The nucleic acid may be of natural or artificial origin. It may be especially 
10 genomic DNA (gDNA), complementary DNA (cDNA), hybrid sequences or synthetic or 
semisynthetic sequences. It may be of human, animal, plant, bacterial or viral origin and 
the like. It may be obtained by any technique known to persons skilled in the art, and 
especially by screening libraries, by chemical synthesis, or alternatively by mixed 
methods including chemical or enzymatic modification of sequences obtained by 
1 5 screening libraries. It is preferably cDNA or gDNA. 

More preferred therapeutic products include in the case of Parkinson's disease 
the cDNA encoding tyrosine hydroxylase (TH) or a neurotrophic factor such as BDNF 
(brain derived neurotrophic factor) which favor the survival of dopaminergic neurons. 

Similarly, for Alzheimer's disease, the cDNA encoding choline acetyl 
20 transferase and/or NGF (nerve growth factor) could prevent degeneration of cholinergic 
neurons. 

Recent findings suggest that neurotrophic factors like BDNF and GDNF can be 
trophic factors for dopaminergic cells. Introduction into astrocytes of genetic material 
encoding neurotrophic factors are expected to improve graft survival. 

25 Several adenovirus vectors encoding therapeutic genes have now been 

constructed. For instance, an adenovirus encoding tyrosine hydroxylase (TH) has been 
constructed. The grafting of in vitro infected astrocytes according to the invention 
constitutes a very efficient way to deliver therapeutic amounts of TH in the brain. Other 
adenovirus-derived vectors encoding therapeutic genes include Ad-aFGF, Ad-bFGF, Ad- 

30 GDNF, Ad-GAD. 

The genetic material of interest can also be an antisense-RNA or ribozyme or a 

DNA molecule encoding said antisense-RNA or nhn^ymp Th ese p rod ucts a re of 
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particular interest for inhibiting production of toxic proteins such as p-amyloid 
precursor, TAU proteins, etc. 

Preferably, the genetic material is a DNA encoding a protein or peptide of 
interest. As indicated above, said protein or peptide is preferably a neuroactive substance 
5 such as a growth factor (i.e. a cytokine) a neurotrophic factor, an enzyme or a 
neurotransmitter. 

In an other embodiement, the genetic material is a DNA encoding an antisense- 
RNA or a ribozyme 

10 Regulatory Regions 

Generally, the nucleic acids of the present invention are linked to one or more 
regulatory regions. Said regions can include a regulatable or inducible promoter; neural 
cell-specific promoter, or viral promoter. Selection of the appropriate regulatory region 
or regions is a routine matter, within the level of ordinary skill in the art. 
15 The regulatory regions may comprise a promoter region for functional 

transcription in astrocytes, as well as a region situated in 3' of the gene of interest, and 
which specifies a signal for termination of transcription and a polyadenylation site. All 
these elements constitute an expression cassette. 

Promoters that may be used in the present invention include both constituitive 
20 promoters and regulated (inducible) promoters. The promoter may be naturally 
responsible for the expression of the nucleic acid. It may also be from a heterologous 
source. In particular, it may be promoter sequences of eucaryotic or viral genes. For 
example, it may be promoter sequences derived from the genome of the cell which it is 
desired to infect. Likewise, it may be promoter sequences derived from the genome of a 
25 virus, including the adenovirus used. In this regard, there may be mentioned, for 
example, the adenovirus El A or major late promoter (MLP), a cytomegalovirus (CMV) 
promoter or a Rous Sarcoma Virus (RSV) promoter. 

In addition, the promoter may be modified by addition of activating or regulatory 
sequences or sequences allowing a tissue-specific or predominant expression (enolase 
30 and GFAP promoters and the like). Moreover, when the nucleic acid does not contain 
promoter sequences, it may be inserted, such as into the virus genome downstream of 
such a sequence. 
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Some promoters usefiil for practice of this invention are ubiquitous promoters 
(e.g. HPRT, vimentin, actin, tubulin), intermediate filament promoters (e.g. desmin, 
neurofiiaments, keratin, GFAP), therapeutic gene promoters (e.g. MDR type, CFTR, 
factor VIII), tissue-specific promoters (e.g. actin promoter in smooth muscle cells), 
promoters which are preferentially activated in dividing cells, promoters which respond 
to a stimulus (e.g. steroid hormone receptor, retinoic acid receptor), tetracycline- 
regulated transcriptional modulators, cytomegalovirus immediate-early, retroviral LTR, 
metallothionein, SV-40, Ela, and MLP promoters. Tetracyc line-regulated 
transcriptional modulators and CMV promoters are described in WO 96/01313, US 
5,168,062 and 5,385,839, the contents of which are incorporated herein by reference. 



Pharmaceutical Administration 

15 The present invention enables purification and amplification of adult human 

astrocytes, and their use for the successful delivery of genes in vitro with high efficiency. 
These cells can then be administered to the CNS of recipient organisms. The invention 
thereby provides important clinical and scientific applications, such as treatment of 
trauma to the CNS and of neurodegenerative disorders. 

20 The process according to the present invention enables one to target precisely a 

particular region of the CNS, such as a site within the brain, depending on the transferred 
therapeutic gene and the disorder to be treated. Thus, according to the site of the 
impairment to be treated, the administration is made into sites of the brain including, for 
instance, the striatum, hippocampus or substantia nigra. Preferably, they are grafted in 

25 the striatum. 

According to the present invention, it is now possible, by stereotactic injection, to 
deliver astrocytes for engraftment. Determination of the coordinates for administration 
would be based on the disorder to be treated, and would be determined by the skilled 
practitioner. The actual therapeutic regimen, including site of injection(s), number and 

30 schedule of injections, and particular dosage(s), would also be determined by the skilled 
practioner. In general, the number of cells engrafted at a site will be between 1x10* and 

1 x 1 0'°, preferably 1 x 1 0* to 1 x 1 0", an d more preferably 1 * 1 (V tn I v | O' 
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It is also an object of the invention to provide an implant comprising astrocyte 
cells as described above. Preferably, the implant contains non-cellular material 
increasing survival and in vivo proliferation and differenciation of the cells. The implant 
can contain for instance collagen, gelatin, fibronectin, lectins, bio-compatible supports 
such as bone or polytetrafluoroethylen fibers, etc). The invention also concerns a method 
for the delivery of a therapeutic product to the CNS of a recipient comprising grafting 
into the brain of said recipient genetically-modified human astrocytes containing 
introduced genetic material encoding said therapeutic product. 

The invention provides safe, non toxic, long term expression of therapeutic genes 
in vivo. The invention is of particular interest in the treatment of neurodegenerative 
disorders such as neuropathies, strokes, spinal cord injury, amyotrophic lateral sclerosis, 
Huntington's chorea, Alzheimer's and Parkinson's diseases, cerebral palsy, epilepsia, 
lysosomal diseases (e.g. Tay Sachs and Sandhoff diseases, metachromatic 
leucodystrophy, Gaucher's disease, mucopolysaccharidosis, Lesh Nyhan, etc) as well as 
15 brain tumours. 

The present invention may be better understood by reference to the following non- 
limiting Examples, which are provided as exemplary of the invention. 
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Examples 

The present invention will be described in greater detail with the aid of the 
following examples which should be considered as illustrative and nonlimiting. Example 
1 describes a cell culture protocol enabling the recovery of long-term, pure primary 
cultures of human adult astrocytes. Example 2 demonstrates that these cells can be 
genetically modified by using an adenoviral vector encoding human tyrosine 
hydroxylase (TH) under the control of the tetracycline-based (tet-off) regulatory system 
(Gossen and Bujard, 1992). TH is the rate limiting enzyme for the synthesis of 
catecholamines, by converting tyrosine to L-Dopa. Several studies have demonstrated 
its therapeutic potential in animal model of Parkinson's disease (Wolff et al.. 1989; 
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Horellou et al., 1990a,b; Fisher et al., 1991). Infected cells produced large amounts of 
active hTH in the absence of doxycycline. a potent analog of tetracycline. 

General Molecular Biology 
5 In accordance with the present invention there may be employed conventional 

molecular biology, microbiology, and recombinant DNA techniques within the skill of 
the art. Such techniques are explained fully in the literature. See, e.g., Sambrook, 
Fritsch & Maniatis, Molecular Cloning: A Laboratory Manual. Second Edition (1989) 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York (herein 

1 0 "Sambrook et al., 1 989"); DNA Cloning: A Practical Approach. Volumes I and II (D.N. 
Glover ed. 1985); Oligonucleotide Synthesis (M.J. Gait ed. 1984); Nucleic Acid 
Hybridization [B.D. Hames & S.J. Higgins eds. (1985)]; Transcription And Translation 
[B.D. Hames & S.J. Higgins, eds. (1984)]; Animal Cell Culture [R.I. Freshney, ed. 
(1986)]; Immobilized Cells And Enzymes [IRL Press, (1986)]; B. Perbal, A Practical 

15 Guide To Molecular Cloning (1984); F.M. Ausubel et al. (eds.), Current Protocols in 
Molecular Biology, John Wiley & Sons, Inc. (1994). 



Example 1: Explanation and characterization of primary cultured human adult 
astrocytes 

20 /./ Cell culture 

Adult human tissue was isolated from the cerebral cortex of patients (average age 
51.5H6.8 years old) undergoing surgical resections, with the consent of the patient, 
according to the policy of the hospital. Immediately after surgery, the tissue was 
mechanically dissociated and centrifuged in DMEM/F12 (Sigma) containing D-glucose 

25 (3.15 g/1), HEPES (3.57 g/I), sodium bicarbonate (1.2 g/1), and supplemented with 10% 
fetal calf serum (FCS, Seromed), 2 mM glutamine (Gibco), antibiotics 
(penicillin/streptomycin mix, 100 ug/ml, Gibco) and fungizone (Gibco), pH 7.4. The 
pellet was resuspended in the same medium and plated in a 5 cm culture flask (Costar). 
Cultures were maintained at 37°C in a humidified atmosphere containing 10% C0 2 . 

30 Forty-eight hours later, the medium was changed. These primary cultures were 
maintained by changing the medium once a week thereafter. 



WO 00/40699 

PCT/IBOO/00165 

22 

As freezing/thawing procedures, confluent cells were harvested with 0.25% 
trypsin and 0.2% EDTA (Gibco) and rapidly washed with phosphate buffered saline 
(PBS, 0.1 M, pH 7.4) to remove the medium-containing serum. The cells were then 
frozen first at -20°C and finally stored at -80°C in DMEM/F 1 2 supplemented with 10% 
dimethylsulfoxide (DMSO, Sigma). Cells were thawed by placing the vial in a water 
bath at 40°C for 2-4 minutes, and replated in a Costa culture flask. Forty-eight hours 
later, the medium was replaced to eliminate DMSO. 



10 



/. 2 Assessment of cell proliferation 

Two different methods were used: direct counting under phase-contrast in a 
predetermined area of 2 mnr and GFAP-bromodeoxyuridine labeling (BrdU, an analog 
of thymidine which is only incorporated into replicating DNA) revealed with a double 
immunofluorescence protocol. Primary cultured cells were plated onto Nunc™ Petri 
dishes (60x15 mm) with grids (2 mm 2 ) in DMEM/F 12. 
15 The proliferation rate was determined under various culture conditions: (a) 

without FCS, (b) with 10% FCS, (b) 20% FCS, (c) 10% FCS and 5% horse serum (HS), 
(d) 10% FCS and 10% HS, (e) NGF (50 ng/ml, Sigma), (0 bFGF (50 ng/ml, Boehringer- 
Mannheim). For proliferation experiments, the medium was changed twice a week. All 
cultures were counted every 10 hours for 80 hours. The activity of the NGF and bFGF 
20 used was ascertained by bioassay: the neuritic extension of PC 12 cells (cultured on 
polyornithine-coated dishes in RPMI supplemented with 10% HS and 5% FCS) exposed 
to NGF (50 ng/ml), and the differentiation of neuroepithelial progenitor cells in the 
presence of bFGF (10 ng/ml in DMEM/H AMF 1 2 (see refs in Sabate et al.. 1995). 

For BrdU incorporation experiments, BrdU was added to primary cultures 2 days 
25 post-plating. Cultures were incubated in the presence of 5 or 10 uM BrdU for 4 days. 
The BrdU treatment was performed simultaneously on 3T3 and 293 cells as proliferation 
controls. The positive cells were detected by immunocytochemistry, as indicated below. 
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1.3 Immunocytochemical procedures 

Cells in primary cultures were rapidly rinsed in PBS, incubated in a fixative 
solution (4% paraformaldehyde in PBS) for 10 min at room temperature. After rinses in 
PBS, the cells were treated with a blocking solution (10% goat sen.m nnH 0 7% Tri^ n 
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X-100 in PBS) for 30 min at room temperature, and then incubated with the primary 
polyclonal antibody (GFAP, Dakopatts, 1:100; SlOOp, Sigma, diluted 1:100; TH, Inst. J. 
Boy, diluted 1:200; BrdU, Jackson, 1:50; 0X42, Cedarlane, 1:200) containing 5% goat 
serum and 0.1% Triton X-100 in PBS. 

For BrdU immunodetection, the cells were first denatured in 2N HC1 for 20 min, 
at room temperature. After neutralization in 0.1 N sodium borate for 10 min, the samples 
were rinsed in PBS and processed as described for GFAP immunocytochemistry. 

1.4 Characterization of cultured astrocytes 

To assess the potential of human adult astrocytes for autologous transplantation 
into the CNS, it was first necessary to test whether these cells can be maintained as 
primary cultures. Previous studies reported that primary cultures of human adult 
astrocytes were enriched in microglial cells (Yong et al., 1991, 1992). The composition 
of the medium and the times between tissue resection, dissociation and cell seeding were 
15 varied in order to optimize the culture procedures to obtain astrocyte-enriched 
preparations. DMEM supplemented with serum is an appropriate culture medium for 
rodent astroglial cultures. Enriched DMEM supplemented with fetal calf serum (FCS) 
and with HAM/F12 nutrients was used for astrocyte cultures. The first cells to attach to 
the culture dish after dissociation and seeding are astrocytes. Various lag times (24-120 
20 hours) until the first change of medium containing unattached and/or dead cells and cell 
debris were tested. A 48 hour (2 days) delay was optimal for obtaining essentially pure 
astroglial cultures. Surprisingly, microglial cells do not attach to the culture dish under 
these conditions. 

After two days in DMEM/F12 supplemented with 10% FCS, cells were flattened 
25 in the culture dish. Although cell morphology depended on culture confluence, the large 
majority of cells exhibited a flat polygonal morphology (Figures 1A-B). The flattened 
cells were identified by immunodetection of astroglial markers including GFAP, the 
major gliofilament protein, and S100P, a cytoplasmic calcium-binding protein (Figure 
2). Virtually all the primary cultured cells were GFAP- (Figure 2A) and SlOOp-positive 
(Figure 2B). The presence of microglial cells in the cultures was tested by OX42 
immunostaining and labeling with B., isolectin from Griffonia simplicifolia, which is 
used as a specific marker for microglial cells fStreit. 19901 No staining wa < nh^rv^H 
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confirming the presence of a culture of astrocytes essentially free of microglial cells. 
Taken together, these results show that the present invention provides an essentially pure 
culture of human adult astrocytes. Microscopic inspection of the cultures revealed that 
many GFAP-positive cells were in mitosis (Figure IB). 

1.4.1 In vitro proliferation of human adult astrocytes 

Preliminary observations indicated that without FCS, none or few of the cultured 
cells were dividing, whereas mitotic profiles were often observed when 10% FCS was 
added to the DMEMF12 medium. Double immunofiuorescent labeling of GFAP and 
BrdU revealed that the dividing cells were astrocytes. The capacity of primary cultured 
human adult astrocytes to proliferate in various culture conditions was analyzed. Soluble 
molecules including the trophic factors NGF and bFGF, and serum of various species 
have mitogenic properties on cultured rodent and human fetal astrocytes (see refs in 
Yong et al., 1991, 1992, and Stachowiak et al., 1997). The effects of various 
1 5 combinations, including FCS, HS, bFGF and NGF, on cell proliferation was tested: 0, 1 0 
and 20% FCS, 10% FCS supplemented with 5 or 10% HS, DMEM supplemented with 
50 ng/ml bFGF, DMEM supplemented with 50 ng/ml NGF (Figures 3A-B). Twelve 
hours after seeding in the presence of FCS, the cells attached and flattened onto the dish 
surface. Cells only proliferated in the presence of FCS (Figure 3A), and proliferation 
20 was maximum at 20% FCS. When cultured in the presence of 10% or 20 % FCS, the 
astroglial population doubled in 40 hours and 20 hours respectively (Figure 3A). The 
rate of cell proliferation in the presence of 20% FCS is suitable for cell transplantation, 
enabling the recovery of l-5xl0 6 human adult astrocytes within one month from a single 
biopsy. 

25 Surprisingly, the addition of NGF or bFGF (50 ng/ml medium) did not accelerate 

the proliferation of human adult astrocytes (Figure 3B). When cultured with FCS 
supplemented with 5 or 10% HS. most of the human adult astrocytes did not attach to 
the culture dish and remained in the medium. Nevertheless, a few spherical cells 
attached but did not flatten onto the culture dish. From 3 days post-plating, some of the 

30 attached cells flattened and proliferated very slowly (Figure 3B). In summary, human 
adult astrocytes can be expanded in vitro in the presence of FCS. Twenty percent FCS 

enables the recovery of a large number of cells suitable for cell transp lantation 
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1.4.2 Cell characterization following freezing/thawing procedures 

A patient may receive more than one transplant. Therefore, one issue in the 
development of autologous grafting in humans is the cryopreservation of primary 
cultured astrocytes from a single biopsy. Human adult astroglial cells were tested for 
grwoth after freezing/thawing procedures. At the first passage, corresponding to 3-4 
weeks in vitro in DMEM/F12 supplemented with 10% FCS. cultured cells were frozen 
and kept at -80°C for 2-6 months. Then, cells were rapidly thawed and seeded in 
DMEM/F12 supplemented with 10% FCS. Cells were carefully observed daily. Ten 
hours after thawing and seeding, the cells attached and flattened onto the culture dish. 
They exhibited similar morphological and immunocytochemical features as cells which 
had not been subjected to freezing procedures. GFAP and SlOOp immunostaining 
confirmed that these cells conserved their astroglial phenotype. During the first day post- 
15 plating, the cells did not proliferate. Between day 2 and day 3, the first mitotic profiles 
were observed. Then, the cell expansion accelerated, and the mean division time was 60 
hours in the presence of 10% FCS (Figure 3 A). Therefore, human adult astrocytes 
obtained according to the present invention maintain their capacity to divide following 
freezing/thawing procedures. 
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Example 2. Genetic modification of cultured astrocytes 
2. 1. Adenoviral vectors 



Adenoviral vectors represent efficient tools to transfer foreign genes to nerve 
cells as shown by recent studies where direct intracerebral injection to rodent brain 
provides gene therapy of the central nervous system ( WO94/08026). In order to amplify 
the number of cells suitable for grafting, the inventors have demonstrated that 
30 recombinant adenoviruses can efficiently allow gene transfer to cultured human 
astrocytes. 
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Many Adenovirus-derived vectors have been disclosed in the literature and can 
be prepared by one skilled in the an. Such vectors can be used in the present invention, 
(see in particular EP 185 573, Perricaudet et al., FEBS Letters 267 (1990) 60; Levrero et 
al, Gene 101 (1991) 195, FR 9305954, FR9308596, W094/12649). An Ad.RSVpgal 
vector has previously been disclosed in the literature. See for example Stratford- 
Perricaudet et al. (J.Clin. Invest. 90, 626-630 (1992)). This vector contains the E.coli 
LacZ gene inserted in an adenovirus Ad5 deleted for the E 1 and E3 regions. 



2.2 I nfection of human adult astrocytes with A dPGKtet h TH-1 

Cells were seeded on 6 well culture plates at a density of 6x1 0 4 cells/well in 
DMEM/F12 without serum (FCS). Then, the cells were incubated for 4-6 hours with 
AdPGKtet hTH-1, in which a human tyrosine hydroxylase gene (hTH-1) is under the 
control of the tetracycline-based "tet-off regulatory system (Gossen and Bujard, 1992). 
The hTH gene and the transactivator are driven respectively by a minimal CMV and 
phosphoglycerate kinase (PGK) promoter. Different multiplicities of infection (MOI) 
were tested (75, 150 and 300 pfu/cells). Doxycycline was added to the culture medium to 
a final concentration of 10 ng/ml. The medium was renewed every second day. 

2.3 Assessment of TH activity and L-Dopa production by transduced human adult 
astrocytes 



Three, 7 and 14 days after infection, cells were harvested and processed to 
25 measure TH activity and evaluate L-Dopa production. TH activity of cell pellets was 
assayed as previously described (Reinhard et al., 1986). The production of L-Dopa was 
assessed after growing human astrocytes for 24 h in DMEM/F12 without FCS. 
Conditioned media was collected, and 0.5 ml aliquots were mixed with an alumina 
suspension (40 mg/ml) in 0.05 M Tris-HCl, pH 8.6. Each mixture was then continuously 
30 stirred for 1 0 min, washed with the Tris-HCl buffer, and the alumina finally collected by 
centrifugation (800 g. 5 min, 4°C). Catechols adsorbed onto the alumina gel were eluted 
with 0.6 N perch l oric acid (0 , 1 m l per samp l e) , and the elu at e was neutralized with 2 M 
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potassium phosphate pH 7.4 (20 ul per sample). After centrifugation (30 000 g, 15 min, 
4°C), 10 ul aliquots of the cleared supernatant were injected into a high performance 
liquid chromatography column (Ultrasphere IP, 25 cm, 0.46 cm outer diameter, 5 urn) 
for the electrochemical quantification of L-Dopa, as described in detail elsewhere 
5 (Adrien et al., 1989). 
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2. 4 Result of Genetic engineering of human adult astrocytes 

Cultured human adult astrocytes can be modified by a recombinant adenoviral 
vector. Optimal transduction is obtained by infecting the cells with a viral preparation of 
300 pfu/cell for 6 hours. No obvious toxicity was observed. Fifty-60% of the cells were 
hTH-positive as assessed by immunocytochemistry (Figures 3A-B). An enzymatic assay 
developed by Reinhard and colleagues (1986) was used to test whether the hTH was 
15 active 3, 7 and 14 days post-infection. TH activity was detectable 3 days after infection 
(1,290 pmol/mg prot/h), and higher on days 7 (19,000 pmol/mg prot/h) and 14 (35,650 
pmol/mg prot/h). In addition, HPLC assays showed that TH-transduced human 
astrocytes produced 1 ug L-Dopa/10 6 cells/24 h, 1 4 days-post-infection. 

To test the efficacy of the tetracycline-based regulatory system, the astroglial 
20 cultures were treated with doxycycline (10 ng/ml), a potent analog of tetracycline. 
Doxycycline efficiently reduced TH expression. TH activity was decreased by at least 10 
fold in the presence of doxycycline on day 14 (3,590 pmol/mg prot/h in doxycycline- 
treated cells vs 35,650 pmol/mg prot/h in untreated cultures) (Figure 4). This indicated 
that the hTH- 1 expression was efficiently controlled by doxycycline. However, as shown 
25 on Figure 4, in doxycyc line-treated astrocytes, the level of TH activity did not return to 
baseline. This observation suggested that the minimal promoter P*hCMV, which drives 
the expression of hTH- 1 in the AdPGKtet hTH-1 vector, has a basal activity in the 
primary cultured human adult astrocytes. Indeed, previous studies report activation of a 
hCMV promoter in astrocytes under certain experimental conditions, such as after 
30 injury, suggesting a environmental regulation of hCMV promoter (McCarthy et al., 
1995; Fritschy et al., 1996). 
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2.5 Use of other vectors 

As indicated above, other types of vectors can be used to genetically modify the 
5 astrocytes according to the invention. This can be viral or non-viral (chemical) vectors. 
Preferred viral vectors include AAV, retroviruses, herpes viruses and vaccinia virus. Non 
viral vectors include Calcium-phosphate precipitation, liposome-mediated transfection, 
cationic lipid transfection and lipopolyamine-mediated transfection. 

10 

All the references discussed herein are incorporated by reference. 

One skilled in the art will readily appreciate the present invention is well adapted 
to carry out the objects and obtain the ends and advantages mentioned, as well as those 
inherent therein. The peptides, polynucleotides, methods, procedures and techniques 
15 described herein are presented as representative of the preferred embodiments, and 
intended to be exemplary and not intended as limitations on the scope of the present 
invention. Changes therein and other uses will occur to those of skill in the art which are 
encompassed within the spirit of the invention or defined by the scope of the appended 
claims. 
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